Introduction
============

Adenotonsillar hypertrophy (ATH) is the most common cause of upper airway obstruction (UAO) in children. Moreover, it has been reported that chronic UAO can cause hypoxemia, hypercarbia-induced respiratory acidosis, and pulmonary vasoconstriction, which leads to cardiopulmonary complications such as right ventricle (RV) dysfunction, pulmonary hypertension and cor pulmonale[@B1],[@B2],[@B3],[@B4].

N-terminal of probrain natriuretic peptide (NT-proBNP) is a cardiac hormone secreted by the ventricular myocardium in response to ventricular volume expansion and pressure overload. It has been effectively used to diagnose RV dysfunction[@B5],[@B6],[@B7].

To our knowledge, no definite guidelines are available to inform the decision of adenotonsillectomy in children with ATH. Therefore, we attempted to identify cardiologic and laboratory parameters that could be used for this purpose. In the present study, we evaluated cardiac performance in children with severe ATH on the basis of the plasma NT-proBNP level and conventional and Doppler echocardiography results.

Materials and methods
=====================

The present study was conducted at the Departments of Pediatric Cardiology and Otolaryngology, Konyang University Hospital, from June 2013 to October 2013. Twenty-one children (male/female, 15/6; mean age, 92.3±39.0 months; age range, 4-15 years) with ATH and 21 healthy age- and gender-matched (male/female, 15/6; mean age, 97.0±42.6 months; age range, 3-14 years) were included. Children in the control group were healthy and had no respiratory and cardiac symptoms. Otolaryngologists conducted flexible nasopharyngoscopy and lateral neck radiography for all patients. Hypertrophy of the adenoid and tonsils was graded according to the method of Cohen and Konak and on the Brodsky scale, respectively, as shown in [Table 1](#T1){ref-type="table"}[@B8],[@B9]. Patients with grade III or grade IV adenoid and tonsillar hypertrophy, defined as severe ATH, were enrolled in the study. Children with acute signs of infections, such as fever, leukocytosis, and increased C-reactive protein levels, which aggravate UAO were excluded.

The patients\' parents filled out the snoring-tiredness during daytime-observed apnea-high blood pressure (STOP) questionnaire revised for children in the preoperative state. The STOP questionnaire is a self-reported, forced-choice (yes/no), paper-and-pencil scale. It includes the following four questions: S-\"Do you snore loudly (louder than talking or loud enough to be heard through closed doors)?\"; T-\"Do you often feel tired, fatigued, or sleepy during the daytime?\"; O-\"Has anyone observed you stop breathing during your sleep?\"; and P-\"Do you have or are you being treated for high blood pressure?\" If the answers are positive for two or more items, the questionnaire is scored as positive, indicating a high risk of obstructive sleep apnea (OSA), and these patients are considered to have severe ATH symptomatically[@B10].

All children underwent transthoracic two-dimensional echocardiography conducted by a single pediatric cardiologist. The echocardiograms were obtained in the standard precordial positions. A Hewlett-Packard ultrasonic system with a pediatric probe (range, 3.5-5 MHz) was used for echocardiographic examination. The RV myocardial performance index (RVMPI) and tricuspid annular plane systolic excursion (TAPSE) were measured. RVMPI was calculated as described by Tei[@B11] as the sum of the isovolumetric contraction and isovolumetric relaxation times divided by the ejection time. TAPSE was estimated using two-dimensional echo-guided M-mode recordings from the apical four-chamber view with the cursor placed on the free wall side of the tricuspid annulus[@B12] and is presented as z score adjusted by age[@B13]. Random echocardiography recordings were analyzed to determine the intraobserver variability before the study. Intraobserver variabilities were \<5% for all echocardiographic parameters.

Venous blood samples were drawn from all children and collected in nonheparinized tubes. Samples were centrifuged at 3,000 rpm for 10 minutes, and NT-proBNP was immediately assayed using Cobas test kits and the modular analytics E170 chemiluminescence immunoassay system.

Data were analyzed using the PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA). Continuous variables are presented as mean¡¾standard deviation (median). Moreover, the echocardiographic parameters and plasma NT-proBNP levels were categorized as either normal or abnormal, using the previously reported normal results as a reference[@B14],[@B15]. The significance of the differences in the categorical variables between the groups was analyzed using chi-square analysis, whereas the significance of the differences in the continuous variables was evaluated using the Mann-Whitney *U* test. A *P* value\<0.05 was considered significant.

Results
=======

The baseline characteristics of the ATH and control groups are shown in [Table 2](#T2){ref-type="table"}. The groups did not differ significantly in terms of age, sex, body mass index (BMI), and blood pressure (BP). The z score of BMI were slightly higher in the ATH group, but this difference was not statistically significant.

All ATH patients were reported to have a high risk of OSA, and the STOP questionnaire showed that all but one patient snored loudly and experienced sleep apnea.

The plasma NT-proBNP levels were significantly higher in the ATH group than the control group (66.44±37.63 pg/mL \[median, 62.63 pg/mL\], range, 5.78-125.90 pg/mL vs. 27.85±8.89 pg/mL \[median, 27.34 pg/mL\], range, 14.02-49.08 pg/mL; *P*=0.001) ([Fig. 1](#F1){ref-type="fig"}).

The value of RVMPI was higher in the ATH group than the control group, but the difference was not statistically significant (*P*=0.186). Further, the values of the z score of TAPSE did not differ significantly between the groups ([Table 3](#T3){ref-type="table"}).

We determined the odds ratio (OR) for ATH by assessing abnormal results of echocardiographic and laboratory parameters representing RV function. ATH had no effect on the development of abnormal results of echocardiographic parameters such as the z score of TAPSE and RVMPI (OR, 0.56; 95% confidence interval \[CI\], 0.16-1.91 and OR, 8; 95% CI, 0.86-73.68, respectively). However, ATH patients were 22 times more likely to develop abnormal NT-proBNP levels than healthy controls were (OR, 22; 95% CI, 2.47-195.26; *P*=0.001) ([Table 4](#T4){ref-type="table"}).

Discussion
==========

The present study is a prospective patient-control study that aimed to evaluate cardiac dysfunction in children with chronic UAO on the basis of echocardiographic findings and the plasma level of NT-proBNP.

A previous study demonstrated that the size of both the adenoid and tonsil was significantly correlated with OSA and cardiopulmonary complications[@B16],[@B17]. Therefore, we selected patients with grades III-IV of ATH confirmed using the method of Cohen and Konak and the Brodsky scale. Further, all ATH patients had severe symptoms associated with airway obstruction, as assessed using the STOP questionnaire.

It has been well known that sleep deprivation or poor quality sleep is associated with a higher rate of obesity[@B18]. Additionally, obesity has been shown to be an independent risk factor for UAO in children. However, it remains unclear whether the high body weight profile in the ATH group is the cause or result of chronic snoring[@B19],[@B20]. Kocabas et al.[@B21] documented that children with OSA have been higher in body weight profile than the controls. In other previous studies, there was not a statistically significant difference between the ATH group and control group in the BMI profiles[@B7],[@B22],[@B23]. The present study found similar BMI profiles in ATH patients as those reported previously, and the difference in the BMI profiles between the ATH group and control group in this study was also similar to those reported previously.

In this study, all subjects were evaluated using the echocardiographic parameters of RVMPI and TAPSE. Some previous studies have examined RV function in children with severe ATH by using these parameters. Duman et al.[@B3] reported that the RVMPI, which reflects RV myocardial function, was significantly impaired in pediatric patients with advanced ATH. In our study, the RVMPI values in the ATH group were higher than those in the control group (0.39±0.08 \[median, 0.40\] and 0.36±0.10 \[median, 0.33\], respectively) but the difference was not statistically significance (*P*=0.186). Furthermore, the ATH patients were 8 times more likely to develop the abnormality of RVMPI values than the healthy controls, although there is not statistically significant (OR, 8; 95% CI, 0.86-73.68; *P*=0.093). Thus, further investigation with a large number of subjects is necessary to clarify the relationship between the echocardiographic parameters of RV dysfunction and ATH.

Significant ATH with respiratory symptoms such as snoring and sleep apnea is the main cause of upper mechanical airway obstruction in children. Chronic UAO is believed to lead to increased pulmonary artery pressure and pulmonary hypertension[@B24],[@B25]. In addition to increased venous return and increased pulmonary resistance with ATH, the venous return to the right-side cardiac chambers is also increased, facilitated both by the decubitus horizontal position during sleep and by intrathoracic pressure which becomes more negative due to respiratory effort against the obstructive area. These kinds of changes can lead to an enlarged right atrium and ventricle and compromise ejection during systole[@B26],[@B27],[@B28].

Previous studies have shown a relationship between ATH and pulmonary hypertension and RV dysfunction. In addition, many studies have indicated that the cardiopulmonary complications caused by ATH are improved following adenotonsillectomy[@B29],[@B30],[@B31]. Miman et al.[@B32] documented full resolution of the symptoms of pulmonary hypertension after adenotonsillectomy in patients with pulmonary hypertension secondary to ATH. Furthermore, Duman et al.[@B3] reported that the RVMPI was significantly impaired in pediatric patients with advanced ATH without evident cardiovascular disease, compared with age-matched control subjects, these cardiac changes were reversed following surgical intervention by adenotonsillectomy.

The usefulness of the plasma NT-proBNP level in assessment of RV function in children with congenital heart disease was reported by several studies[@B33],[@B34],[@B35]. In particular, plasma NT-proBNP levels can be used to detect RV systolic dysfunction in individuals with pulmonary hypertension. In the present study, we found that plasma NT-proBNP concentrations were significantly higher in the ATH group than the healthy controls (66.44±37.63 pg/mL vs. 27.85±8.89 pg/mL; *P*=0.001). Moreover, the plasma NT-proBNP levels are dependent on age. Therefore, we categorized the levels into two groups: within normal limits and above upper limits of normal compared with normal reference values based on age[@B15]. ATH patients were 22 times more likely to have abnormal NT-proBNP values than healthy controls (OR, 22; 95% CI, 2.47-195.26; *P*=0.001). This suggests that abnormal plasma NT-proBNP levels are an important indicator of RV dysfunction in the ATH group, and we speculated that this parameter may be helpful in evaluating disease severity and cardiac involvement in children with chronic UAO.

This study has certain limitations. First, the number of subjects included was relatively small. Second, we believe that the duration of snoring should also be considered as an important factor affecting the progression of cardiopulmonary compromise. However, although most parents of the ATH patients complained that their children had been snoring for a long time, we could not assess the exact duration of ATH. Third, this study could not evaluate adenoid and tonsillar grades in the control subjects, who might have mild to moderate ATH without significantly respiratory symptoms.

In conclusion, since no definite guidelines are available to inform the decision of adenotonsillectomy, we attempted to identify cardiologic and laboratory parameters that could be used for this purpose. Our results showed that the plasma level of NT-proBNP was significantly higher in the ATH group than the controls. However, we could not confirm echocardiographic evidence of RV dysfunction in children with chronic UAO. Thus, further investigations are required to determine the clinical importance of echocardiographic parameters in children with ATH. In addition, pediatricians and otolaryngologists should consider the cardiologic aspects during management of children with ATH.
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Values are presented as mean±standard deviation (median)

ATH, adenotonsillar hypertrophy; BP, blood pressure.
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Comparison of echocardiographic findings between the ATH and control groups
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Values are presented as mean±standard deviation (median).

ATH, adenotonsillar hypertrophy; TAPSE, tricuspid annular plane systolic excursion; RVMPI, right ventricle myocardial performance index.
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Association between abnormal RV function parameters and ATH risk
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RV, right ventricle; ATH, adenotonsillar hypertrophy; OR, odds ratio; CI, confidence interval; TAPSE, tricuspid annular plane systolic excursion; RVMPI, right ventricle myocardial performance index; NT-proBNP, N-terminal of probrain natriuretic peptide.
